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Two Bomac Magnetrcus, Type BL 201 hava been used for 4,3 nillimeter propagation
neasuramente and although they required very careful control in operation, they
have been fourd to be satisfactory for this purpose,

After tube no, 63 was operated for approximately twenty hours, the power lsvel
denayed gradually dwring Lie operatizn pericds, Since the praciaion measusre=
ments required for the propagation teste required constant power output, the use
g this tubhe wna ahandoned. This deterication may have Yeen due to tihs ub*atian
1% received during the frequant movement of the mxgnstron in the calitwation mro=

comlvrna

- A - v-.

Tuha 33 was put into use and in 30 hours of satisfactory operation has shown
little or no change in operating characteristios,

I. INTRODUCTION

The Electrical Engineering Ressarch Laboratory of The Univeisity of Texas
has bsan investigating the propagation: of millimeter radio waves for the Office
of Naval Research fur several years, A series of tests at £,6 millimster wave-

length were made after the necessary transmitting and r=geiving equipmest had been
constructed and assembled.

Ths tests were recantly extended to 4,2 millimeter wavelenzgihs whan magnetrons
for this wave length became available, Bomac Laboratories n? Beverly, Mass, built
a number of type BL 201 tubes baged upon the Columbia Urdwersity GB3 and RPBS dui?
for the Signal Corps Engineering Laboratories and two of thssz tubes, numbers &3
and 33 were obtained by ths Office of Naval Research for thess propagation studies,
These two were receivad by the University of Texas on Apvril 2C, 1954,

Because the magnetrons were ciassifisd confidential, no dascription has been
given of them in the reporte of the oropagation tests,

This memcrandum is for the purposs of glving a2 descripiion of our instale
istion and use of the Bomac magnetrons,

11, PRGPAGATION TESTS

The tests in which the 4.3 millimeter magnetrons have Ueen used ere as follows:
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NFIDENTZ 2

A, Measurements were made sver & 1000 foot path at random times over
a period of two weeks for the rurpose of determining ths accuracy with which the
level of signal strength could be measured, This level was found to be 4 0.2 db,
These measturements also served to provide a reiwence signal level to which measure-
ments over longer paths could be compared,

B, Distance wuns up to 1000 feet were also made for the purpose of cali~
brating a refsrance attenuater, Theae msasurcrents made use of ths inverse scuare
relationships of powsr attenuation,

Ce Propagatisn oharacteristics were measured over a 3,5-mile line-of-
eight prih iroa Ve University Towsr in Austin to the site of the KTBC~IV antenna
tower and were sunpled for 5 minute intervais on ten days,

D, Prcpagation deta over a 7,0-mile line-of-sight path from the Uni~-
versity Tower to the Balcones Ressarch Center were taken for 5 minute intervals on
sixtoeen dgys, These, and the previous msasuremants, are described in EERL R eport

¥ 73 1)

Z. Propagation measuresments in a very low lovel surface duct were mede
over 2 path length of seven miles near the coast of Bolivar Psainsula aa the Texas
Gulf Coast, Transmitter heights of 6, 10 and 15 feet mean sea level were used
along with recsiver haights of 4, 8 and 12 feet mean sea lavel, These tests will
be described in 22zsv Th,

111, MAGNETRON CHARACTERISTICS

Ths type BL 201 magnetrons made by Bomac laboratories wers based on a design
by Columbia University, This magnetron is of the rising sun type with an ine
directly heated cathode, The magnetic ficlid is of the order of 15,000 gauss,

The operating characteristics cs specified by the Signal Corps are as follows:

Tube No, 33 Tube No. €3
Heater Voltags (V) 6.0 560
Frequency (AMUS) 69446 7008
Ancde Voltage (xv; 12,0 13,0
Anode Current (Ma &0 3.5
Average Power (W) 3.0 3.8
Peak Power (KW) 1,5 U6

IV, INSTALLATICN AND OPERATTINN OP MAGNTMIDANG

we SEIAIVLSLALWNSS IS

No operating instructions were included with the magnetrons, but on the basis

of discursiona with personnel of Bomac Laboratories magnetron no, 63 was mounted
a3 shown in Figure 1,
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CONFPIDENTIAL 4
The magnetron was used in conjunction witb a spark gap pulser producing a

0e25 microsecond puise throngh a transformer with a turns ratio of one to eigiu,
The mulse ampiitude was adjustable from 8 to 15 kilovolis as measured across 1000
ohms, The filament of the cathods was heated with 6,3 veils for a period of ape
proximately five minutes aud the pulsing voltage was then applied and alhsted to
produce an average magnetron current of 2,5 milliamperes, The filament voltage
was then reduced to five volts which was the minimum vaiue for which sustainsd
cecillations could be maintained, An external spark gap was adjusted to prevent
discharges within Lhe magnstron,

The relative power output at 4.3 millimeter wavelength was noted as received
by a orystal video receiver [1), The character of the pulse was also observed with
a saspler mounted at the lip of the horn antenna used at the tranamitter and was
found to b z00d. The magnetron and its pulser are shown in Figure 2,

The operating temperature of the cathode as seen though the waveguide coupling
to the cavity was observed with an opticz) pyrometer and it was found that salise
factory operation of the magnetr:zn was obtained with a temperature of approximately
870 degrees ocentigrade,

There was never any difficulty in starting the magnstron, On starting the
power output would rise rapidly to a psak waiue and decrease apprasizatcly 2 db from
this peak wlw in the first two ndnutee of operation, When the tube was functicing
propsriy, the power cuiput would then remain constant foo at least thirty minutes,

V. PZIRFORMANCE OF TUBE Mo, 63

Tube no, 63 was installed in the millimeter signal gensrstor and the trans-
pdtting unit was installsd in a smsll van truck, The generator was first used
for tuw stability and calibration tast described in section II, A and B,

After the magnetron had been used for about five hours with the truck in a
number of different locations, it was found that it was necessary to operate tie
magnetron al a lower filament voltage in order ts mointsin the pulse iangth at
0,25 microssconds,

It was suggested by Mr, R, S, Briggs of Bomac Laboratories that the cathode
be reactivated by operating tns filament at 7,5 volts for a period of five or six
hours, Zven ailer this was done, however, theres was no apparent improvement in
the operating characteristins, Continued operation required still lower setiing
of the filament voltage to prevent a reduction in pulae length,

The f{ilament voltage was found to be critical to the axtent that a change of
0.1 volte> at an opsrating voltage of uppruximsialy 3 volts would change the pulse
length from 0,25 microseconde to something in the ~rder of 0,05 microseconds, At
the oritical operating filamant voltuge crcssing of the external filament leads
would causeé & change in operating characteristics which wes the equivalent of a
filament veltags change of 0,z volts,

An atteupt at recentering the cathode improved tha operating characterietics
t0 an extent that the filament could be oparated at a2 higher voltage and a pulse
lemgth of 0o25 nicruvsesonds maintainsd,
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CONFIDENTIAL 6

After about fifteen hours of ealibration tests, mesauranents wers started

over tha 3 Sumile "“th @msntioned in ssstion I 1i«C, Reasoridoiy 55\'-181&0‘50{7 data
A N S

Wars oblalned fui evoul five nours oX operation of tubsz nut:sr §3 on this test,

- a
vv
U

cwer oubpul ol the magnetron 2gsin began te iail off, Instead
cni.ng tabilized after a two minute warm-up period, there was a slow decline

wer output of about 0,5 db for the nexi thirty maute interval, Since higher
s..c*x-e Oy was raquimd in the ralative power stability for the propagation measurs-
= 5 of vube N, 0} wan disocntinued,

35

VI, PERFORMANCE OF TUBE NO, 33

Hsgxetmn no, 33 was placed in operation and used for the remainder of the
3.5-’:»1;0 teal, for vhe 7,0-mile line-of-aight test and for tiie low level trapping
.a8%.8

o

The tube has now been operating satisfactorily for appro:dmate]y thirty hours
with little or no change in operating charactisristics since first put inte gper-
ation,

Jach tims ihc magnetron was started there was a powoer riss of approximately
one decibsl during tuc fivet iwo mimutes of speration and a very stable power out-
put for at least tnirty minutes tliereafter,

This tube was operated in the same way as magnetren no, 32 with the s=eplim
that ezch time the transmitter truck was moved, the magnetron panel was removed
from the rack and packed ia excslsior. It is felt that ths slimination of shock
and vibration encountered in transporting the magnetran in ita truok mminted mascl
may have been partly responsible for the “better parfomance of this tube,
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